Abstract: This paper describes an improved procedure for the efficient and facile synthesis of 4-aryl substituted 3, 4-dihydropyrimidinones under mild reaction conditions with excellent yields using inexpensive silica chloride under solvent free conditions.
Introduction
The Biginelli reaction is one of the most important multi-component reactions for the synthesis of dihydropyrimidinones. Dihydropyrimidinone are known to exhibit a wide range of biological activities such as antiviral, antitumour, antibacterial, and anti-inflammatory properties [1] . In addition, these compounds have emerged [2] as potential calcium channel blockers, antihypertensive, α 1a -adrenergic antagonists and neuropeptide antagonists. Furthermore the 2-oxodihydropyrimidine-5-carboxylate core unit is also found in many marine natural products [3] , including the batzelladine alkaloids, which have been found to be potent HIV gp-120-CD 4 inhibitors. The classical Biginelli reaction requires long reaction times (20 hrs) and often suffers from low yields of products in case of substituted aromatic and aliphatic aldehydes [4] . Multi-step synthesis [5] produces somewhat higher yields but lacks the simplicity of original one-pot Biginelli protocol, hence the Biginelli reaction continues to attract the attention of organic chemists interested in finding milder and more efficient procedures for the synthesis of dihydropyrimidinones. A plethora of reagents/methods have been reported for this purpose such as Amberlyst-15, Nafion-H, KSF clay with dry acetic acid under microwave irradiation [6] , ionic liquids [7] , cerric ammonium nitrate under ultrasonication [8] , Lewis acids (such as BF 3 ·OEt 2 ) in combination with transition metals and a suitable proton source [9] , lanthanide triflates [10] , lanthanide chloride [11] , and indium chloride [12] . Although these methods each have their own merits, they also suffer from the drawbacks with respect to reaction time, cost of reagent and reaction work-ups. Consequently the Biginelli reaction still requires an efficient protocol for the synthesis of pyrimidinone compounds. In recent years, the use of reagents and catalysts supported on solid supports has received much attention. Such reagents not only simplify purification processes but also help in preventing the release of reaction residues into the environment. Silica gel is one of the more extensively used surface material supports for different chemical transformations in organic synthesis [13] . One such modified silica is silica-chloride (SiO 2 -Cl), which has been reported to be an efficient catalyst for a variety of chemical transformations [14] . As a part of our research program directed towards the development of new and rapid synthetic methods for the construction of biologically active structural motifs, we intend to develop rapid, efficient and an inexpensive procedure for the synthesis of 4-aryl substituted 3,4-dihydropyrimidinones using silica-chloride as heterogeneous catalyst. As compared to expensive Lewis acid catalysts, such as lanthanide chlorides and lanthanide triflates; silica chloride is very inexpensive and can be prepared very easily (details given in Experimental section). This method allows us to obtain excellent yields of required product in shorter reaction times as compared to those of classical methods.
Results and Discussion
Silica chloride is one of the most versatile and utilized catalyst for the selective construction of heterocyclic ring systems, in particular for the synthesis of 3, 4-dihydropyrimidinones (Scheme 1).
Scheme 1.
This new synthetic strategy resulted in a remarkable improvement in synthetic efficiency, and more importantly, it enhanced the utilization efficiency of the modified silica chloride, decreases the production of chemical waste without using highly toxic reagent for the synthesis of 3,4-dihydropyrimidinones. The Si-Cl bond is labile and can give rise to Lewis acid centers on silica (Scheme 2). The Cl is easily displaced selectively by acetyl oxygen of ketone by a nucleophilic substitution reaction generating a cationic centre on the carbonyl carbon which is easily attacked by the nucleophile i.e. urea to form acyl imine 2 intermediate formed by the reaction of aldehyde and urea which is the key rate-limiting step. Several aromatic aldehydes (Table 1 ) carrying either electron releasing or electron withdrawing sustituents in the ortho, meta and para positions afforded high yields of the products. An important feature of this procedure is the survival of variety of functional groups such as ether, nitro groups, and halides under the reaction conditions. Thiourea also reacts under similar conditions to give the corresponding 3, 4-dihydropyrimido-2(1H)-thiones 4r-4t. Studies on the application of silica chloride [16, 17] have shown that it is an excellent source for the generation of HCl..
The extent of chlorination of the silica surfaces was determined by suspending 1 gram of silica chloride in 25 mL of boiled distilled water and titrating with 0.1N NaOH (9.3 mL). The amount of immobilized Cl has thus been found to be 0.93 miliquivalents per gram of SiO 2 . Our studies have shown that thionyl chloride is a satisfactory chlorinating agent for silica, if used undiluted. When diluted with dry benzene, a lesser numbers of silanol groups were replaced by chlorine. The extent of reaction with thionyl chloride gives values for active silanols per unit area of silica surface, comparable to other method, for determining available activities. In our studies we consistently have been able to replace a higher percentage of silanol groups with chlorine. The structures of the products were established from their spectral data and found to have excellent match with the reported data [18] .
Conclusions
In summary, we have described an improved procedure for the Biginelli reaction. The use of silicachloride as heterogeneous catalyst has made this method very cost effective. Another advantage of this method is excellent yields in shorter reaction time with high purity of the products.
Experimental
General 1 H-NMR and 13 C-NMR spectra were recorded in DMSO-d 6 solutions on a Bruker AVANCE 400
NMR spectrometer operating at 400 ( 1 H) and 100 ( 13 C) MHz. LCMS analysis (EI, 70V) were performed on a Hewlett-Packard HP 5971 instrument.
Preparation of silica chloride
To a well-stirred silica gel (20 g) in CH 2 Cl 2 (50 mL) was added drop wise SOCl 2 (20 g) at room temperature. Evolution of copious amounts of HCl and SO 2 occurred instantaneously. After stirring for another 1h, the solvent was removed to dryness under reduced pressure (1 torr). The silica chloride thus prepared was used in the following experiments and could be stored in sealed vessels for 6 months without any critical decline of activity.
Structure of silica chloride
The interaction of silica silanol groups with thionyl chloride is very often used as a simple and efficient method for surface modification. However, the mechanisms of these surface reactions have not yet been studied in detail. It was stated by Strelko and co-workers that the process of SOCl 2 chemisorptions on the silica surface proceeds by the following mechanisms [19] (Figure 1 ). 
General procedure for the synthesis 4-aryl substituted 3, 4 dihydropyrimidinones
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